A novel actinomycete, designated strain A31 T , was isolated from the surface of weathered biotite in Susong, Anhui Province, China. The organism grew optimally at 30 6C, at pH 8.0 and with 1 % (w/v) NaCl. Strain A31
T represents a novel species of the genus Sinomonas, for which the name Sinomonas susongensis sp. nov. is proposed. The type strain is A31 T (5DSM 28245 T 5CCTCC AB 2014068 T ).
The genus Sinomonas, a member of the family Micrococcaceae, was first proposed by Zhou et al. (2009) with the description of Sinomonas flava and the reclassification of Arthrobacter atrocyaneus as Sinomonas atrocyanea (Kuhn & Starr, 1960; Zhou et al., 2009) . At the time of writing, it comprises five recognized species, S. flava (Zhou et al., 2009) , S. atrocyanea (Kuhn & Starr, 1960; Zhou et al., 2009) , Sinomonas echigonensis (Ding et al., 2009; Zhou et al., 2012) , Sinomonas albida (Ding et al., 2009; Zhou et al., 2012) and Sinomonas soli (Zhou et al., 2012) , with two additional species, 'Sinomonas notoginsengisoli' (Zhang et al., 2014) and 'Sinomonas mesophila' (Prabhu et al., 2014) , awaiting formal recognition. Members of the genus Sinomonas are aerobic and rod-shaped, contain MK-9(H 2 ) as the predominant respiratory quinone, and have iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 as major fatty acids. In this study, a novel member of the genus Sinomonas was characterized.
Strain A31 T was first isolated from the surface of biotite using the dilution plating method on a sucrose-mineral salts medium (Huang et al., 2012) . Strain A31
T was able to weather biotite and release more mineral elements, such as Si, Al, Fe and K. The Gram reaction was performed using the standard Gram staining method according to Shen et al. (1999) . Morphology and motility were examined by light microscopy (CX21; Olympus) using cells from the different growth phases. PYES medium (Wieser et al., 2002) was used in experiments to determine growth at various temperatures (4, 10, 15, 20, 30, 37 and 42 u C). Tolerance to NaCl was measured in PYES medium containing NaCl at different concentrations (0-6.0 %, w/v, at intervals of 1.0 %). The pH range (pH 4.0-10.0 at intervals of 1.0 pH unit) for growth was determined in PYES broth with the pH adjusted with citrate/phosphate buffer or Tris/HCl buffer. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Tests for the methyl red and Voges-Proskauer reactions, and hydrolysis of Tween 80, gelatin, starch, xanthine and hypoxanthine were performed according to Gordon et al. (1974) and Shen et al. (1999) . Metabolic properties and enzyme activities were tested using API 50CHB, API 20NE and API ZYM systems (bioMérieux) according to the manufacturer's instructions.
For analysis of the 16S rRNA gene sequence, bacterial genomic DNA was extracted using a Qiagen genomic DNA kit. The 16S rRNA gene sequence was PCR-amplified using universal primers according to the methods of Timke et al. (2005) and sequenced (ABI 3730; Invitrogen). Phylogenetic analysis was performed using MEGA software (version 6.0) (Tamura et al., 2013) after multiple alignments of the data using CLUSTAL X. Gaps at the 59 and 39 ends of the alignment were omitted from further analyses. Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1985) methods using bootstrap values based on 1000 replicates. Distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . The DNA G+C content of strain A31 T was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) using a UV/VIS spectrophotometer (UV1201; Rayleigh).
For fatty acid methyl ester analysis, cells of strain A31
T and the reference strains were harvested from PYES plates after incubation at 30 u C until the exponential phase of growth was reached. The fatty acid methyl esters were prepared and analysed by GC according to the instructions of the Microbial Identification System (MIDI). Polar lipids were extracted, examined by two-dimensional TLC and identified using the procedures of Minnikin et al. (1984) . Procedures for identification of cell-wall amino acids and whole-cell sugars were performed as described by Staneck & Roberts (1974) and Schumann (2011) . Respiratory quinones were extracted, purified and analysed by HPLC as described by Collins (1985) .
Cells were Gram-stain-positive, aerobic and non-motile and showed a rod-coccus cycle (Fig. S1 , available in the online Supplementary Material). Cells from 6 h cultures were rods but had a coccoid shape after 20 h. Neither flagella nor spores was found. Colonies on PYES were circular, convex and pale yellow, with a smooth surface and diameter of 0.5-1.5 mm after incubation for 48 h at 30 u C. Strain A31
T was able to grow at 15-37 u C (optimum, 30 u C), at pH 5-9 (optimum, pH 8) and with 0-5 % (w/v) NaCl (optimum, 1 %). Phenotypic properties useful for distinguishing A31 T from its five phylogenetic neighbours are shown in Table 1 and the detailed characteristics of strain A31
T are given in the species description.
The 16S rRNA gene sequence (1447 bp) of strain A31
T was obtained and subjected to similarity searches using the sequence matching tool of the NCBI BLAST program (http://www.ncbi.nlm.nih.gov) and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . On the basis of 16S rRNA gene sequence similarities, the closest phylogenetic neighbours of strain A31
T were S. albida LC13 T (98.3 %), S. atrocyanea 20127 T (98.2 %), S. soli CW 59 T (98.1 %), S. flava CW 108 T (97.8 %), 'S. mesophila' MPKL 26 (97.3 %), S. echigonensis LC10 T (97.1 %) and 'S. notoginsengisoli' SYP-B575 (96.4 %). The neighbour-joining tree (Fig. 1 ) based on 16S rRNA gene sequences showed that strain A31
T fell with the radiation of the genus Sinomonas. Strain A31
T and S. albida LC13 T formed an independent cluster with a bootstrap value of 99 %. The phylogenetic distance between strain A31 T and 'S. notoginsengisoli' SYP-B575 was greater than 3 %. It is generally accepted that strains sharing ,70 % DNA-DNA relatedness or .3 % 16S rRNA gene sequence dissimilarity can be considered as belonging to separate species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . According to these criteria, strain A31
T and 'S. notoginsengisoli' SYP-B575 represent two different species of the genus Sinomonas. Phylogenetic trees reconstructed using the maximum-parsimony and maximum-likelihood algorithms including strain A31 T , species of the genus Sinomonas and related taxa are available as Figs S2 and S3.
The cellular fatty acid profile (.0.5 % of the total fatty acids) of strain A31
T comprised anteiso-C 15 : 0 (56.8 %), anteiso-C 17 : 0 (25.8 %), iso-C 15 : 0 (8.2 %), iso-C 16 : 0 (3.8 %), C 16 : 0 (2.1 %), iso-C 17 : 0 (1.6 %) and summed feature 8 (anteiso-C 18 : 1 v7c and/or C 18 : 1 v6c) (1.0 %). This fatty acid profile was similar to those of S. albida CCTCC AB 206018 T , S. atrocyanea CGMCC 1.1891
T and 'S. mesophila' MPKL 26 (Table S1 ). The major fatty acids, anteiso-C 15 : 0 and anteiso-C 17 : 0 , support the placement of strain A31
T within the genus Sinomonas. The polar lipids of strain A31
T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylmonomethylethanolamine and four glycolipids (Fig. S4) . The polar lipid pattern of strain A31 T was very similar to those of the five recognized species of the genus Sinomonas, which also contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylmonomethylethanolamine as the major components (Zhou et al., 2009 (Zhou et al., , 2012 . The total hydrolysate of the cellwall peptidoglycan (4 M HCl, 16 h at 100 u C) revealed the presence of muramic acid (Mur) and the amino acids lysine (Lys), serine (Ser), glycine (Gly), alanine (Ala) and glutamic acid (Glu) in a molar ratio of 1.1 Lys : 0.6 Ser : 0.5 Gly : 2.5 Ala : 1.0 Glu : 0.9 Mur. These results suggest that the new isolate had a peptidoglycan of type A3a. The cell-wall sugars of strain A31 T were galactose, mannose and rhamnose. The respiratory quinone system consisted of MK-9(H 2 ), MK-10(H 2 ) and MK-8(H 2 ) (approx. 82, 15 and 3 %, respectively).
The DNA G+C content of strain A31
T was 70.8 mol%, which is within the range (66.6-71. T and 'S. mesophila' MPKL 26 were 33.4, 34.2, 29.8, 36.6, 56.6 and 16.0 %, respectively. These values were significantly lower than 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) .
Strain A31
T was distinguished from other species of the genus Sinomonas by differences in citrate utilization, hydrolysis of gelatin, xanthine and hypoxanthine, enzyme activity, and assimilation and acid production from carbon sources (Table 1) . On the basis of physiological and phylogenetic data, we therefore propose that strain A31
T represents a novel species of the genus Sinomonas, for which the name Sinomonas susongensis sp. nov. is proposed.
Description of Sinomonas susongensis sp. nov.
Sinomonas susongensis (su.song.en9sis. N.L. fem. adj. susongensis of or belonging to Susong, Anhui Province, China, where the type strain was isolated). Catalase + 2 + + + + + Oxidase -+ + -+ --Acid production from (API 50 CH): Enzyme activities (API ZYM) Acid phosphatase
Sinomonas susongensis sp. nov.
maltose and D-mannose. In API ZYM tests, activity is detected for acid phosphatase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, a-mannosidase (weakly) and naphthol-AS-BI-phosphohydrolase, but not for N-acetyl-b-glucosaminidase, alkaline phosphatase, a-chymotrypsin, cysteine arylamidase, esterase (C4), esterase lipase (C8), a-fucosidase, b-glucuronidase, lipase, trypsin or valine arylamidase. The major fatty acids (.10 %) are anteiso-C 15 : 0 and anteiso-C 17 : 0 . Polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylmonomethylethanolamine and four glycolipids. Whole-cell sugars comprise galactose, mannose and rhamnose. The respiratory quinones are MK-9(H 2 ), MK-10(H 2 ) and MK-8(H 2 ) (approx. 82, 15 and 3 %, respectively).
The type strain, A31 T (5DSM 28245 T 5CCTCC AB 2014068 T ), was isolated from the surface of weathered biotite in Susong, Anhui Province, PR China. The DNA G+C content of the type strain is 70.8 mol%. 
